1 The SBME method can involve a variety of aids including standardized patients, part-task mannequins (eg, a torso for cardiopulmonary resuscitation compression training), and whole-body advanced mannequins with high-fidelity capabilities. 2 Such high-fidelity mannequins, like the one used at Penn State College of Medicine, are able to run preprogrammed scenarios that can be manipulated in real time by a proctor. For example, a proctor can give the mannequin a "voice" by using a voice box and can manipulate the mannequin's vital signs including heart rate, blood pressure, and intracranial pressure. High-fidelity mannequins can also display clinical signs, including palpable pulses, pupil and eyelid reactivity, and visible respirations. 
the actor to gather a complete medical history ( Figure 1 ).
As the students proceed with their evaluation of the patient, they can see the vital signs on the monitor that accompanies the mannequin and can ask for the findings of the neurologic examination. They are also expected to ask for the results of individual laboratory and imaging tests ( Figure 1) . Students who successfully complete the scenario will diagnose status epilepticus and initiate a proper treatment protocol ( Figure 1 ).
The acute stroke simulation has 2 scenarios (Figure 2).
Students are provided basic patient history immediately prior to entering the simulation room. An actor can be available to provide collateral history, but it is not necessary; the physician facilitating the scenario can provide information regarding the patient's "last known normal" time. The students are provided formal neurologic examination findings on request. They are expected to ask for results of laboratory tests and computed tomography of the head, which are also available on request. Once the students are able to recognize the scenario as an acute stroke, they are asked to make decisions on management.
In the setting of our first acute stroke scenario, the examination is consistent with brain herniation and the students are expected to withhold intravenous tissue plasminogen activator. In scenario 2, they are expected to administer the drug.
After the simulations, the students are able to review a video recording of their scenario for self-assessment.
The physician facilitating the scenario provides further feedback and encourages discussion, focusing on the points listed in Figure 1 and Figure 2 . This step in the learning process allows for individualized instruction to address knowledge deficits that were identified during the simulation.
Comment
As previously mentioned, simulation of stroke and seizure is difficult because of the inability of current simulators to mimic a focal neurologic deficit. For this reason, Although countless uses of SBME for teaching surgical and interventional procedures have been described, [3] [4] [5] [6] published information regarding the use of simulation in neurology is scant, probably in large part because of the inability of high-fidelity mannequins to emulate focal neurologic deficits (eg, facial droop). This inability of high-fidelity mannequins is a substantial limiting factor in implementing SBME in neurology. At
Penn State College of Medicine, however, we believe that SBME can be used for training in neurology despite the shortcomings of current simulator technology. In the present article, we describe Penn State College of Medicine's framework for using a high-fidelity mannequin to train medical students in 2 types of neurologic emergencies: status epilepticus and acute stroke (brain attack).
Simulation-Based Education at Penn State College of Medicine
At Penn State College of Medicine, we use SBME in the training of third-and fourth-year medical students during their neurology clerkship. We developed 2 main simulations for training our students: (1) evaluation and treatment of a patient with status epilepticus and (2) evaluation and treatment of a patient who has had an acute stroke. We use a high-fidelity mannequin programmed with particular vital signs and pupil responses; this mannequin is accompanied by a formal neurologic assessment available on request by the students. 
Neurologic Examination
Generalized, rhythmic muscle twitching of upper and lower extremities, sweating, and salivating observed Extraocular movements appeared intact without nystagmus; no facial droop noted (appears symmetric); tongue, uvula, and palate aligned with midline Motor strength was difficult to assess, but the patient appeared to be moving all extremities equally Reflexes, sensation, cerebellar functions, and gait were not assessed because patient was unable to comply with examination Remainder of review of systems was unremarkable simulation is completed with the actor providing patient information. The actor should try to redirect some of the questioning away from the mannequin. If the students continue to ask questions of the mannequin, the actor should redirect them by saying something like, "I'm having a lot of difficulty understanding him, too. He seems to be having trouble talking."
911. The students are the neurology team and have been called to the emergency department to assess the patient 10 minutes after his arrival. found an effective way to use SBME in a neurology clerkship that is not limited by current technology.
To our knowledge, few articles have been published regarding SBME in the field of neurology. The use of SBME for impending brain herniation with or without we ask that our students use their imaginations during the SBME sessions. The localizing features of the examination play a small role in the care of such a patient, however; recognition of the diagnosis and decisions regarding acute therapy (ie, intravenous tissue plasminogen activator) are based largely on factors other than the fine details of the neurologic examination. In both the acute stroke and the status epilepticus scenarios, our students are assessed on their evaluation of the situation, their recognition of vital sign abnormalities (eg, Cushing
Figure 1 (continued).
Status epilepticus simulation protocol using a high-fidelity mannequin. This protocol is used by Penn State College of Medicine to train third-and fourth-year medical students during their neurology clerkships. a Liver function, toxicity screen, and blood alcohol content findings were available for select simulations. b The patient (ie, mannequin) is unable to talk initially, but after several minutes he is able to mumble. The patient appears disoriented and all history is obtained from his wife or son. Abbreviations: A, answer; Q, question; IV, intravenous; PE, phenytoin sodium equivalents.
Initial Management (continued)
Phenytoin/fosphenytoin sodium (IV loading dose) Administer using a second IV line (it will precipitate if given through same line as lorazepam has gradually become unresponsive. The patient's "last known normal" time was 90 minutes ago.
Overview for Scenario 2
An 80-year-old man presented to the emergency department via ambulance with right-sided weakness (face, arm, and hand) and slurred speech. The patient's "last known normal" time was 45 minutes ago. The students are the neurology team and have been called to the emergency department to assess the patient. Intensive care unit (ICU) status requires the patient to remain in the intensive care unit for 24 hours for close monitoring of neurologic status with frequent neurology checks, frequent vital sign checks, and stringent blood pressure goals, with a systolic blood pressure goal of less than 180 mm Hg. intracranial hypertension has been described in the literature, as this type of scenario does not necessitate the presence of a focal neurologic deficit other than an occasional pupillary asymmetry (which high-fidelity mannequins are currently capable of emulating). 7 Simulations using part-task mannequins have been shown to improve lumbar puncture skills in neurology residents. 8 Other uses of simulation in neurology have focused largely on critical care aspects including spinal shock, closed-head injury, and cerebral vasospasm. In these scenarios, a high-fidelity mannequin with real-time tracings of intracranial pressure and cerebral perfusion pressures was used. This mannequin was also equipped with a speaker box so that the proctor could speak for the simulated patient. 9 The first (to our knowledge) described simulation of a stroke used accompanying video clips of real stroke patients with focal neurologic deficits to make up for the mannequin's incapacity to mimic such deficits. 10 It has been suggested that this type of work-around detracts from the believability of a scenario. process. This step was identified as the most important of 10 conditions that represent ideal circumstances for effective SBME (Figure 3) . 13 Our students spend the majority of the 1-hour session on debriefing. This debriefing session is used to not only review what was done right and wrong, but also to integrate and affirm the newly learned information. Our program also has several of the other 10 conditions that are associated with effective learning in SBME, including integration into curriculum, controlled environment, clinical variation, and use of multiple learning strategies. 13 These strategies for learning were shown to be effective in a 2012 systematic review and meta-analysis by Cook et al. evidence-based guidelines on medical education. 16 
Laboratory Findings

Conclusion
Without the backbone of traditional educational activities such as lectures, SBME could not be effective on its own; however, SBME can be used as an adjunct to train students in important clinical scenarios that they may not otherwise be exposed to in their clinical rotations. The scenarios described in the present article provide a framework for how SBME can be used in neurology despite the shortcomings of current technology. No outcome measures have been addressed, however. Further investigation is needed to determine the efficacy of our scenarios on educational outcomes.
physician from the neurology faculty is present at each simulation to help guide the students through the scenario and to ensure a controlled environment. This faculty member also facilitates the postsimulation debriefing.
Simulation-based medical education has been shown to be most effective when paired with a debriefing session after the simulation to allow for self-reflection and identification of knowledge deficits. 6, 12 A systematic
Feedback
Immediate assessment of a performance with discussion of educational material
Repetitive practice
Skill repetition that allows for the student to correct errors and improve overall performance
Curriculum integration
Simulation-based medical education that is part of a standard curriculum, not an extracurricular activity
Range of difficulty level
Flexibility for the difficulty level to adjust based on the student's level of education
Multiple learning strategies
Learning in multiple environments including large groups, small groups, and small group or independent learning without an instructor
Capture clinical variation
Engaging the student in a wide variety of scenarios to which they may not otherwise be exposed
Controlled environment
An environment in which there are no adverse outcomes to patients, which allows for the focus to be on the student and not on the patient
Individualized learning
Active participation in a series of complex tasks that can be broken down into component parts, which allows for the mastery of each part at variable rates unique to each student
Defined outcomes or benchmarks
Goals with tangible and objective measures
Simulator validity
Degree of realism of the simulation Ten conditions that facilitate learning in simulation-based medical education.
